Attempts to study the acquisition, transmission, and other aspects of the natural history of Streptococcus mutans infections in humans have been hampered by limitations and inconsistencies in methods by which phenotypic characteristics of individual isolates are examined. Because most mutans streptococci associated with human dental caries fall within the biotype I (serotypes c and f) grouping, designated S. mutans, these typing methods are of little value in distinguishing individual isolates. Here we show that strains of S. mutans obtained from over 30 individuals demonstrate unique "fingerprints" of chromosomal DNA digested with restriction endonuclease HaeIII. To demonstrate that this polymorphism in restriction fragments can be used to study the acquisition and transmission of this organism, we examined isolates of S. mutans from three mother-infant pairs obtained at the time the infant first became colonized by this organism. Results indicate that strains of S. mutans found in infants exhibit restriction fragment profiles identical to those of their mothers, strongly supporting the notion that mothers transmit this organism to their infants. Also, we show that strains of S. mutans with the same restriction fragment profile were stably maintained over a 3-year interval in the one mother-infant pair studied. Moreover, we found that mothers and their infants harbored only a few individual strains, suggesting that transmission of this organism is probably confined within discrete family cohorts. Collectively, these findings demonstrate the potential utility of genomic fingerprinting in studying the natural history of S. mutans infections in humans.
The phenotypically similar group of bacteria known as the mutans streptococci can be divided into at least six distinct species on the basis of DNA hybridization, moles percent guanine plus cytosine, and biochemical and serological characteristics (6, 15, 16) . The subgroup of the mutans streptococci most commonly found in humans, and therefore of major interest in the study of dental caries, falls within the genetically defined species designated Streptococcus mutans, which includes the c, e, and f serotypes. The c and f serotypes exhibit similar biochemical profiles and have been designated biotype 1 (16) . Although methods are available to distinguish between the biotypes or serotypes of mutans streptococci, they have not been very useful for differentiating individual strains because most humans harbor the serotype c (biotype I) subgroup. The ability to further characterize individual strains of S. mutans would be of tremendous value in studies on the natural history of infection with this organism, particularly as the natural history pertains to the transmission and acquisition of this bacterium in human populations.
The question then arises whether sufficient diversity exists within the serotype c subgroup of S. mutans via some phenotypic or, preferably, genotypic trait which would allow characterization of individual strains. Previous work with whole-cell extracts separated by sodium dodecyl sulfatepolyacrylamide gel electrophoresis failed to show differences in protein profiles among serotype c strains, although serotypes could be differentiated (14) . Other investigations, however, suggest diversity within the serotype c group. For example, serotype c or biotype I strains can be distinguished on the basis of bacteriocin production and immunity profiles (1, 7, 13) . Previously, we differentiated a subgroup of biotype I strains on the basis of plasmid DNA profiles (2) (3) (4) (5) mutans from unrelated individuals were selected for characterization at random by using a random-number generation program for a patient population of over 400. S. mutans isolates from these individuals were originally cultured from mitis-salivarius-bacitracin (MSB) medium (9) . S. mutans was also obtained from three mother-infant pairs who were participants in an epidemiological trial studying the transmission of S. mutans within family cohorts. Samples were obtained from the saliva of each mother and from plaque from her infant when S. mutans was first detected in plaque of the infant (average age, 14.7 months). Ten isolates of S. mutans per individual were selected at random from primary isolation plates of MSB medium. If differences in colony morphology were evident, efforts were made to include each of the different colony types. In mother-infant pair 1, samples of S. mutans were obtained from both members at initial detection of colonization in the infant (11.5 months) and 3 years later. This was done to examine the stability of different types within a family. Isolates were obtained in a similar manner from mother-infant pairs 4 and 13 at initial ages of acquisition in the infants of 21 and 11.6 months, respectively. All isolates, including those from mother-infant pairs, were confirmed as S. mutans biotype I by biochemical means (16) and were maintained at -70°C until needed.
Chromosomal DNA isolation. The method used to isolate chromosomal DNA from S. mutans was as follows. Cultures of S. mutans were initiated from frozen stocks, pure streaked for single colonies, and grown overnight in 5 ml of Todd-Hewitt broth (THB; Difco Laboratories, Detroit, Mich.) in an atmosphere of 85% N2, 5% C02, and 10% H2. Three milliliters of this culture was inoculated into 100-ml volumes of THB and allowed to grow for 4 to 6 h at 37°C to late log phase (optical density at 660 nm, 0.35). Glycine (final concentration, 5%) was then added to disrupt cell wall synthesis; the culture was gently agitated for 45 min at 37°C (12) . Cells were pelleted by centrifugation, rinsed once in TES buffer (0.03 M Trishydrochloride, 0.005 M EDTA, 0.05 M NaCI [pH 8.0]), and suspended in 2.5 ml of TES buffer with 25% sucrose. Cells were then exposed to lysozyme (chicken egg white lysozyme L-6876; Sigma Chemical Co., St. Louis, Mo.), for a final concentration of 1.0 mg/ml in TES, for 2 h at 37°C under gentle agitation to disrupt the integrity of the cell wall. EDTA was added (0.1 ml of a 5 M aqueous EDTA stock solution), and the solution was allowed to stand for 15 min at room temperature before addition of proteinase K (0.5 ml of a 5-mg/ml solution in TES, predigested for 30 min at 37°C) (P-0390; Sigma). Proteinase K digestion proceeded for 30 min at 37°C. Resulting protoplasts were then lysed in a 1% (final concentration) solution of Sarkosyl (L-5125; Sigma) at 37°C for 1 h. The lysate was cleared of cell debris and unlysed cells by centrifugation at 4,400 x g for 10 min. DNA from the cleared lysate was then partitioned in a CsCl-ethidium bromide gradient by ultracentrifugation performed twice. Chromosomal DNA was removed from the gradient, dialyzed overnight in 4 liters of 0.1x SSC (1x SSC is 0.15 M NaCl plus 0.015 M sodium citrate) (12) and stored at 4°C until digested with restriction endonucleases. The concentration of chromosomal DNA was determined spectrophotometrically (260 nm) by standard procedures (10).
Endonuclease digests. By an empirical approach, we initially selected a group of six-base recognition enzymes, which included BamHI, HindIII, EcoRI, SalI, XBAI, and the four-base cutter HaeIII. Restriction endonuclease and corresponding 10x buffers were obtained from Bethesda Research Laboratories, Inc. (Gaithersburg, Md.). In our hands and under the conditions described here, HindIII and HaeIII gave the best resolution of bands for the 6-to 20-kilobase fragments. Digests containing 2 to 3 ,ug of chromosomal DNA and 5 to 10 U of restriction enzyme were performed in 30-,ul volumes at 37°C for 2 h. Each digest was repeated on at least three different occasions to ensure that gels represented complete, not partial, digests.
Gel electrophoresis and photography. We obtained good resolution of fragments using a 0.55% agarose gel (IBI, New Haven, Conn.) run in Tris-borate-EDTA buffer (10) (Fig. 1 ). An additional 18 strains of randomly selected biotype I S. mutans strains were also digested with HaeIII; each demonstrated a unique fragment pattern (data not shown). Included in lane A of this and the other gels was a molecular size standard of bacteriophage lambda DNA cut with HindIII. The distinctive restriction endonuclease patterns exhibited by the different isolates convinced us that this method would be useful in distinguishing isolates from mother-infant pairs to study the transmission and acquisition of S. mutans in this population. .'e, 'l' :1. Lanes O, R, and n, Haelll-cut chromosomal DNA from strains obtained from mother-infant pair i 3 years later. Capital letters denote strains from the mother, and small letters denote infant strains. Lane X, Lambda size standard. biotype I strains (data not shown) and in 7 of 7 strains from the mother-infant pairs shown in Fig. 2 to 4 .
Mother-infant pairs. Restriction fragment patterns from the HaeIII digests shown in Fig. 2 represent three distinct strains of S. mutans found in the saliva of mother i and a single strain found in plaque from her infant when the infant was first colonized with S. mutants at 11.5 months. The three strains from mother i ( Fig. 2A, lanes A, F, and H) represent unique strains from 10 original isolates, with the pattern in lane H being the most common (6 of 10) and the patterns in lanes A and F less common (2 of 10 each). Ail 10 isolates from the infant (Fig. 2, randomly and strain A was less prevalent among the original isolates. Figure 3 illustrates restriction fragment patterns from HaeIII digests for another mother-infant pair (no. 4). Isolates were obtained from both members at the time of initial acquisition of S. mutans by the infant at 21 months of age. Two distinct strains emerged from 10 original isolates from each individual (the patterns in lanes C and Hi are for the mother, and those in lanes g and h are for the infant). The infant apparently acquired both genotypes from the mother, because the restriction fragment patterns appear identical.
The restriction fragment patterns for mother-infant pair 13 (Fig. 4) illustrate the use of several different enzymes to discern differences among strains. The first three lanes show patterns for strains A and E from the mother and strain a from the infant. As with mother-infant pair 1, the infant harbored only one strain type. Isolate E from the mother appeared identical to isolate a from the infant. Because of the marked similarities in fragments evident with the HindIII digest of isolates A and E from the mother and isolate a from the infant, we used HaeIII and EcoRI to further characterize these strains. All three digests showed polymorphism, and strain E from the mother and strain a from the infant appeared identical (Fig. 4) .
DISCUSSION
The ability to distinguish individual isolates of S. mutans by restriction enzyme digests of chromosomal DNA represents a powerful tool for examining the natural history of this infectious disease. More specifically, we believe that this Multiple enzyme digests were included to discern differences between strains A and E from mother 13. HindIII digests of DNA from strains A and E from the mother show similar but distinct profiles. Additional digests with HaeIII and EcoRI demonstrate additional polymorphism between these strains. DNA profiles for strain a from the infant match those for strain E from the mother. Samples from the infant were obtained at 11.6 months of age. Lane X, Lambda size standard. method will allow us to examine the transmission and acquisition of S. mutans within human populations and possibly reveal a strain-specific relation to the development of dental caries. In addition, DNA (2) (3) (4) (5) . Serological typing has also revealed that humans often harbor multiple strains of S. mutans (11) . Other 
